ABSTRACT. Although it is widely believed that an important function of protected areas is to conserve species that are unable to survive elsewhere, there are very few empirical studies in which a comparison is made between biodiversity of protected areas and that of the cultivated landscape surrounding them. We examined the diversity of trees, birds, and macrofungi at 58 sites in three land-use types in a tree-covered landscape in Kodagu district in the Western Ghats of India. Ten forest reserve sites in the formal protected area, and 25 sacred groves and 23 coffee plantations in the neighboring cultivated landscape were sampled. A total of 215 tree, 86 bird, and 163 macrofungus species were recorded. The forest reserve had a large number of trees that were restricted in their distribution, and the sacred groves had a large number of macrofungi. We observed that deciduous trees and non-forest-dwelling birds increased, and evergreen trees and forest-dwelling birds decreased with increasing intensity of land management. We found that trees having non-timber uses and macrofungi useful to the local people, as well as those with medicinal properties, were abundant in sacred groves. We found no significant differences in the distribution of endemic and threatened birds across the three land-use types. Although endemic trees were more abundant in the forest reserve than in sacred groves, threatened trees were more abundant in sacred groves than in the forest reserve. We attribute the high diversity in sacred groves to the native tree cover in shade coffee plantations. We conclude that informal protected areas are as important as formal ones for biodiversity conservation in Kodagu. We recommend that a conservation strategy that recognizes informal protection traditions is essential for successful biodiversity conservation in regions where formal reserves are surrounded by a matrix of cultivated land.
INTRODUCTION
One potential objective in designating a protected area is to conserve elements of biodiversity that are unable to survive elsewhere (Kramer et al. 1997 , Bruner et al. 2001 . However, there is growing recognition that the landscape matrix surrounding protected areas also plays an important role in protecting many species (Halpin 1997 , Hannah et al. 2002 . It has been shown that the distribution patterns of many of the species that are currently of the greatest international conservation concern do not coincide with broader diversity patterns (Prendergast et al. 1993 , Oliver and Beattie 1996 , Lawton et al. 1998 , Williams et al. 2000 , Perfecto et al. 2003 . They may not, therefore, be adequately protected in areas set aside for biodiversity conservation. Successful conservation management requires an understanding of species' distributions (Roy 2003) , including which species are restricted to protected areas and which are adequately protected outside these areas. There are very few empirical studies where such a comparison is made (but see Fabricius et al. 2003 , Velazquez et al. 2003 , nor where the effectiveness of protected areas is compared with the surrounding landscape matrix from a range of stakeholder viewpoints, including that of the local people (but see Fabricius and Burger 1997, Khan et al. 1997) . http://www.ecologyandsociety.org/vol10/iss1/art8/ In this paper, we examine the distribution of biodiversity in a protected area and in the adjoining cultivated landscape, including sacred groves and coffee plantations, in the Western Ghats of India. We measure biodiversity of three contrasting groups of organisms: trees, birds, and macrofungi. We ask: Where in the landscape are species useful to the local people? Where are endemic and threatened species distributed? We discuss implications for landscape-scale biodiversity conservation.
METHODS

Study Area
The Kodagu district of Karnataka State in the Western Ghats of India extends between 11°56' -12°52' N and 75°22 ' -76°11' E (Pascal and MeherHomji 1986) (Fig. 1) . The formal network of protected areas (the forest reserve) in the region consists of three wildlife sanctuaries and one national park, which stretch continuously along the western and the southwestern boundaries of the district, occupying about 30% of the area (Fig. 2) . Plantations of shade-grown coffee occupy much of the remaining landscape (about 60%). Here, coffee bushes are grown beneath a high tree canopy to shade the plantations. Approximately 8% of the total area is occupied by treeless land uses, such as paddy cultivation. The study region has a high density of sacred groves-one grove in every 300 ha (Kushalappa and Bhagwat 2001) . These groves range in size from a fraction of a hectare to a few tens of hectares (S.A.B. and C.G.K., personal observation), and are often surrounded by shadegrown coffee cultivation. Sacred groves occupy only about 2% of the study area (Fig. 2) .
Sampling Design
We selected 58 sites in three land-use types-the forest reserve, sacred groves, and coffee plantations -in a 600-km 2 area in southwestern Kodagu (Table  1) . We sampled trees, birds, and macrofungi at ten forest reserve sites, 25 sacred groves, and 23 coffee plantations in 1999 and 2000. We selected sacred groves so that they were well distributed across the study area, and across the range of different patch sizes (min. 0.2 ha, max. 48.1 ha, mean 13.2 ha, median 7.35 ha), as well as different distances from the forest reserve (min. 1 km, max. 8.6 km, mean 4.4 km, median 4.55 km) (Table 1) . We ensured that sampling sites in coffee plantations and forest reserve sites were also well distributed across the study area (Fig. 2) . The forest reserve is a relatively homogenous and unbroken stretch of forest. We sampled more sites in sacred groves and coffee plantations than in the forest reserve, in order to take into account the heterogeneity of the cultivated landscape. Our strategy was to sample, at random, a predetermined number of individuals (observations in the case of birds and macrofungi) at each site, rather than sampling equal areas (Condit et al. 1996 , Bibby et al. 1998 , in order to overcome the problem of variable sizes of sampling sites and differences in the biological and ecological characteristics of organisms in question. We identified trees and birds to species, and macrofungi to recognizable taxonomic units according to their morphological features (i.e., morphotypes, referred to as species hereafter).
At each site, we selected a baseline (between st and fn in Fig. 3 ) that often ran along a natural or humanmade linear landscape feature (e.g., cart track, path, fence, boundary, stream) across the extent of the area. In most cases, this landscape feature was <1 m wide and canopy covered, thus minimally disturbed by human activity. Although the starting point of transect was on the baseline, the rest of the transect was perpendicular to the baseline, away from it. Furthermore, our objective was to obtain a sample of biodiversity that represented all habitats within the site rather than the "best" one. Therefore, we assumed that the proximity of baseline to humanmade landscape features in our sampling design is acceptable.
Before visiting a sampling site (for tree sampling), we generated random numbers in multiples of five. The starting points of individual transects were in the same sequence as the random numbers (Fig. 3) . For example, if the first random number was 100, we placed transect No. 1 at 100 m from the starting point along the baseline on a randomly chosen side -left or right. After completing the sampling along the first transect, we placed the second transect at a distance equal to the second random number (e.g., 225 m, Fig. 3 ) from the starting point. We continued laying transects until we had counted at least 1000 trees ≥1 cm diameter at breast height (dbh) in sacred groves and forest reserve sites, and 100 trees ≥10 cm dbh in coffee plantations, where small stems are regularly cut back. We repeated the process at each Fig. 1 . The study area, showing Kodagu District in Karnataka State, India; sampling sites were located in the southwestern part of the district, where the continuous forest reserve adjoins cultivated landscape consisting of coffee plantations, and sacred groves.
site. The lengths of transects varied between 20 and 100 m in accordance with patch sizes. We demarcated the baseline by painting blue arrows on adjacent trees. The direction of the baseline was usually along a cardinal direction. Therefore, we established vegetation transects exactly along a north-south line if the baseline was roughly eastwest, and vice versa. Seventy-five percent of our sampling sites were <5 ha in size. As a result, the framework of baseline and transects was spread across the entire area of most sampling sites, allowing us to obtain a sample that characterized the biodiversity of the whole site. We used the same framework of baseline and transects to sample birds and macrofungi.
We used the fixed radius point count method (Hutto et al. 1986 ) for bird sampling. The sampling team consisted of at least three people-two of them made observations and one recorded-so as to minimize errors in locating and counting birds. We carried out between five and fifteen 12-minute point counts at each site until we made at least 50 individual bird sightings (e.g., Thiollay 1994). At Table 1. each point, all birds seen within a 25-m radius through a pair of binoculars (7 × 50 magnification) were recorded by species. We normally began sampling at 7:00 a.m., and continued until the required number of observations was made.
We sampled macrofungal sporocarps in a ≥500-m 2 area along 5-m wide transects at each site (e.g., Senn-Irlet and Bieri 1999) on three different occasions during the monsoon season (JuneSeptember). A team of at least four people, two on either side of the central line, walked along the transects to ensure that all macrofungal sporocarps within the transect belt were recorded. We made at least 50 observations of macrofungal sporocarps. Some macrofungi produce single sporocarps, and others produce clusters. We recorded each cluster as one observation, regardless of the number of sporocarps in that cluster.
Species Attributes
The aim of our sampling was to measure the species diversity of trees, birds, and macrofungi. We did not "look" for species with specific attributes during sampling, however, we categorized species according to their attributes when analyzing the data.
We classified trees into evergreen and deciduous categories, based on the published information (Pascal 1988, Keshavamoorthy and Yoganarasimhan 1989) . We determined habitat preferences of bird species by prior knowledge or personal field observations, or based on species accounts in the field guides by Ali (1996) and Grimmett et al. (1998) . We classified macrofungi according to their habitat preferences into two groups, namely, those fruiting on litter and those fruiting on wood, based on the information from the available literature (e. g., Jordan 1995) supplemented by field observations.
We determined the proportion of species endemic to the Western Ghats in different land-use types in this study, based on the Atlas of Endemics prepared by Ramesh and Pascal (1997) . We also classified trees as non-threatened and threatened species based on the International Union for Conservation of Nature and Natural Resources (IUCN) threat categories (IUCN 2004 ) and examined their occurrence in different land-use types.
We classified species either as useful (for their nontimber product and medicinal value) or not useful to local people, and examined in which part of the landscape useful species persisted best. We consulted the Wealth of India (Council for Scientific and Industrial Research (CSIR) 1989) database for information on the usefulness of species, and a medicinal plants database prepared by Foundation for Revitalization of Local Health Traditions (FRLHT) to categorize species according to those with known medicinal properties and those without (FRLHT 1999) .
Statistical Analyses
Although we sampled a predetermined number of individuals (for trees) or observations (for birds and macrofungi) at each site (see above), the numbers of sites sampled in the three land-use types were different (ten forest reserve sites, 25 sacred groves, and 23 coffee plantations). Therefore, we calculated the expected distribution of species by adjusting the species number to the sample size in the respective land-use type. Species that were found only in a single type were referred to as "restricted," those shared by any two of the three types as "shared," and those found in all three types as "widespread.' To compare the composition of restricted, shared, and widespread species, we used χ 2 test.
To measure pairwise similarity in species composition of the three land-use types, we used Jaccard's Similarity Index, S j = j/(a + b -j), where "j" is the number of species found in both land-use types, "a" is the number of species in the first landuse type, and "b" is the number of species in the second land-use type (Magurran 1988) .
To compare habitat preferences of species across the three land-use types, we used the Kruskal-Wallis analysis of variance (ANOVA) by ranks (StatSoft 1984 (StatSoft -2003 .
To compare the occurrence of endemic and threatened species, and useful and medicinal species across the three land-use types, we used the Kruskal-Wallis test (SPSS 1989 (SPSS -1999 .
Fig. 3.
A schematic diagram of a representative sampling site in Kodagu, Western Ghats, India: a base line runs across the patch and the framework of transects is placed at random points along the baseline, on a randomly chosen side.
RESULTS
Distribution of Species
We recorded a total of 215 tree species, 86 bird species, and 163 macrofungus species in the forest reserve, sacred groves, and coffee plantations. Their distribution in the three land-use types is shown in Fig. 4 . The forest reserve and sacred groves were 58% similar, the forest reserve and coffee plantations 52% similar, and sacred groves and coffee plantations 69% similar in their tree species composition according to Jaccard's Similarity Index. These figures were 50%, 47%, and 69%, respectively, for birds; and 52%, 61%, and 49%, respectively, for macrofungi. The observed number of restricted tree species was higher than expected in the forest reserve, but lower in the sacred groves (χ 2 test, χ 2 = 6.992, df = 2, p-value < 0.05). Coffee plantations had nearly the same numbers of observed and expected tree species. The observed numbers of restricted bird species were not significantly different to the expected numbers (χ 2 test, χ 2 = 2.631, df = 2, p-value = 0.0977) in any of http://www.ecologyandsociety.org/vol10/iss1/art8/ the three land-use types. The distribution of macrofungal species between the three land-use types was significantly different from expected (χ 2 test, χ 2 = 26.262, df = 2, p-value < 0.0001) because of the high numbers found in sacred groves.
Species Attributes
Trees
The proportion of evergreen tree species declined and that of deciduous tree species increased with increasing human intervention in land management (Kruskal-Wallis ANOVA by ranks, H = 20.884, df = 2, N = 58, p-value < 0.001) (Fig. 5a ).
Sixty-three percent of tree species in the Western Ghats forests are reported to be endemic (Pascal and Pelissier 1996) . Endemic trees were significantly more frequent in the forest reserve (Kruskal-Wallis test, χ 2 = 12.754, df = 2, p-value < 0.005), and nonendemic trees were significantly more frequent in coffee plantations (Kruskal-Wallis test, χ 2 = 8.306, df = 2, p-value = 0.016) ( Table 2 ). Threatened trees were significantly more frequent in sacred groves, and non-threatened ones were significantly less frequent (Kruskal-Wallis test, χ 2 = 11.465, df = 2, p-value = 0.003) compared with the forest reserve and coffee plantations (Table 2) .
A total of 70% of species in Kodagu region yield useful non-timber forest products. The useful trees were significantly more frequent in coffee plantations (Kruskal-Wallis test, χ 2 = 7.553, df = 2, p-value < 0.05), and those that had no known use were significantly more frequent in the forest reserve (Kruskal-Wallis test, χ 2 = 7.224, df = 2, pvalue < 0.05). Trees with medicinal properties were significantly more frequent in coffee plantations (Kruskal-Wallis test, χ 2 = 6.992, df = 2, p-value < 0.05) compared with the forest reserve and sacred groves.
Birds
Almost 80% of bird species (68 out of 86) in Kodagu prefer tree-covered to open habitats. Coffee http://www.ecologyandsociety.org/vol10/iss1/art8/ plantations, with the most open canopies, had the highest proportion of non-forest dwellers, and the forest reserve, with the most closed canopy, had no non-forest-dwelling birds. The proportion of forestdwelling bird species decreased with the intensity of land management, and that of non-forest dwellers increased (Kruskal-Wallis ANOVA by ranks, H = 16.544, df = 2, N = 58, p-value < 0.001) (Fig. 5b ).
There was no significant difference in the distribution of endemic birds (Kruskal-Wallis test, χ 2 = 2.631, df = 2, p-value = 0.268). Very few birds in the region are threatened; their numbers were not sufficient to analyze the differences in their occurrence across the land-use types (Table 3) .
Macrofungi
Although a large majority of sporocarps belonged to macrofungi fruiting on litter and those fruiting on wood, there were small proportions that belonged to either coprophilous macrofungi (growing on cattle dung, e.g., Coprinus sp.) or entomopathogenic macrofungi (parasitic on insects, e.g., Cordyceps sp.). The proportional distributions of sporocarps of macrofungi fruiting on litter and on wood are shown in Fig. 5c ; the proportions of sporocarps belonging to coprophilous and entomopathogenic macrofungi were negligible (1.8%, 2.1%, and 3.8% in the forest reserve, sacred groves, and coffee plantations, respectively), and are not shown. Macrofungal species fruiting on litter were significantly more frequent in sacred groves, and those of macrofungal species fruiting on wood were significantly less frequent compared with the forest reserve and coffee plantations (Kruskal-Wallis ANOVA by ranks, H = 19.601, df = 2, N = 58, p-value < 0.001), suggesting that the gradient of land management intensity does not have an effect on habitat preference of macrofungi.
Macrofungi such as some Agaricus spp., and some from the family Tricholomataceae, are reported to be edible, and a few others, such as Ganoderma spp. and Phellinus spp., are used locally for medicine. The edible (Kruskal-Wallis test, χ 2 = 12.437, df = 2, p-value < 0.005) and medicinal (Kruskal-Wallis Ecology and Society 10(1): 8 http://www.ecologyandsociety.org/vol10/iss1/art8/ test, χ 2 = 19.077, df = 2, p-value < 0.0001) macrofungi were significantly more frequent in sacred groves than in the forest reserve and coffee plantations (Table 4 .
DISCUSSION
Distribution of Biodiversity in the Landscape
Tree and bird species compositions of sacred groves and coffee plantations were most similar, and those of forest reserve and coffee plantations most dissimilar. This suggests that absence of human activity may be important in different species assemblages in the two parts of the landscape. We also found that intensity of land management influenced occurrence of evergreen and deciduous trees, and forest-dwelling and non-forest-dwelling birds in our sampling sites. The patterns of distribution of macrofungal species were different. The macrofungal assemblages in forest reserves and coffee plantations were most similar, and those of sacred groves and coffee plantations most dissimilar, suggesting the possibility that sacred groves shelter a distinctive assemblage. The distribution of macrofungal species across the three land-use types was significantly different from expected because of high numbers found in sacred groves, possibly because of a greater microhabitat heterogeneity that sacred groves provide in the landscape.
Distribution of endemic and threatened species
The forest reserve in Kodagu is important for conservation of endemic species. We found that many evergreen tree species, endemic to the Western Ghats, are restricted to the forest reserve (Table 5 ). The endemics are believed to be vulnerable to extinction (Bierregaard et al. 1997) because of their narrow distributions. These are also possibly habitat-specialist species that benefit from less disturbed, uninterrupted forest habitat within the reserve. The level of endemism in birds of the Western Ghats is low compared with trees (World Conservation Monitoring Centre (WCMC) 1992): 16% of the birds in the study area are endemic, in contrast to 63% of trees. We found no significant differences in the distribution of endemic birds between the forest reserve and the cultivated landscape. The ability of habitat-specialist birds to move freely, in contrast to trees, may be a factor that allows them to use both formally and informally protected parts of the landscape.
We found that sacred groves in Kodagu are important for protecting threatened trees, birds, and a distinctive macrofungal flora (cf. Jaffre et al. 1998) . They shelter assemblages of species of conservation importance. We found that tree species such as Actinodaphne lawsonii, Hopea ponga, Madhuca neriifolia, and Syzygium zeylanicum that are listed as threatened (FRLHT 1999 , IUCN 2004 , were restricted to sacred groves. Other threatened species such as Michelia champaca and endemic species such as Pittosporum dasycaulon are found in sacred groves and coffee plantations, but not in the forest reserve. Between 17% and 90% of stems of the threatened and endemic species were between 1 and 10 cm dbh, suggesting that these species are able to regenerate in sacred groves. As these species cannot regenerate in coffee plantations, where all small individuals are regularly cut back, their future survival will require propagation as shade trees to maintain tree cover in the landscape. The bird species such as the Loten's sunbird (Nectarinia lotenia), an endemic, and the Nilgiri Flycatcher (Eumyias albicaudata), an endemic and threatened bird, are restricted to sacred groves and coffee plantations. Forty-nine out of 163 species of macrofungi are restricted to sacred groves, possibly as a result of the high habitat heterogeneity of sacred groves.
Distribution of useful species
The cultivated landscape with its plantations and sacred groves is of direct value to the local people. We found that the useful and medicinal trees are more abundant in the cultivated landscape than in the formally protected one. This can be ascribed to the selective use of certain species by local people and their maintenance through traditional knowledge of their uses (cf. Colding and Folke 1997, 2001) . Boraiah et al. (2003) have also found that the sacred groves of Kodagu have a greater number of medicinal plant species than the forest reserve. It is likely that the proximity of sacred groves to human settlements has resulted in a greater familiarity of the local people with the plant wealth of sacred groves. This may mean that people have been more likely to "discover" medicinal values of plants within sacred groves, and to select them for domestication. For example, Cinnamomum macrocarpum is a tree that yields valuable NTFPs, such as the bark, used in spices. Other parts of the tree are also used in medicinal preparations, and the tree is listed by FRLHT (1999) as a priority species for conservation. Although the tree is widespread over the entire landscape, its selective use and retention is reflected in its size-class distributions (Fig. 6) . Large size classes are found only in coffee plantations, presumably because they are retained by the landowners for periodic harvesting of the bark, which fetches a good market price. The species regenerates better in sacred groves than in the forest reserve, therefore, possibly maintaining healthy populations in the cultivated landscape.
We also found that useful and medicinal macrofungi are more frequently encountered in the cultivated landscape. Tropical forests are known to provide a large range of non-wood products that are important for the local economy (Myers 1988). In a study in the northeast of Peru (Pinedo-Vasquez et al. 1990 ), 60% of species were found to be useful to the local people for food, construction, craft, medicine, etc.
Macrofungi are also one of the important nontimber forest products in the local economy in many tropical regions (Hartshorn 1995) . In the Western Ghats, as elsewhere in the tropics, rural livelihoods depend on the non-wood products found in the neighboring forest. The cultivated landscape in Kodagu caters to this need, possibly reducing resource-use pressure on the forest reserve.
Role of Tree Cover in Maintaining Biodiversity
Although the species composition of the cultivated landscape in Kodagu has been highly influenced by the intensity of land management, more than 75% of this landscape is still under tree cover. This is because planters have retained many native trees to provide shade for coffee plantations. The treecovered landscape may be an important factor in maintaining forest-dwelling biodiversity in sacred groves (Bhagwat et al. in press).
The tree cover in the landscape possibly reduces the severity of microclimatic changes, such as higher temperatures, increased wind speed, lower humidity,and lower soil moisture, introduced by forest fragmentation (Geiger 1965 , Kapos et al. 1997 , Freidenberg 1998 . As a result, there may be less edge-related disturbance, and more habitat available for forest-dwelling species and less for non-forest-dwelling species. Consequently, sacred groves may support more forest-interior species than would be the case in a landscape where forest patches are surrounded by arable land alone. The tree cover also possibly facilitates movements of organisms such as birds through the landscape matrix surrounding sacred groves, which these organisms can use for foraging and other resources as well. As a result, coffee plantations may be harboring transitory individuals that are not able to reside within plantations alone. The plantations may also be harboring more individuals of forestdwelling species than would be the case in a purely arable landscape matrix. As a consequence, coffee plantations in Kodagu may be harboring a greater number species than would be the case in an arable matrix.
Andrén (1994) found that, in landscapes with less than 30% cover of suitable habitat, habitat loss was a good predictor of diversity. However, in landscapes with higher habitat cover, habitat loss was not a good predictor of diversity in birds and mammals. O'Neill et al. (1988) in their spatial analysis have also observed that, above 30%, suitable habitat becomes almost continuous across the landscape. Many organisms are able to move easily across such landscape. For highly mobile organisms, this critical cover threshold will be much lower than for relatively less mobile ones. As a Ecology and Society 10(1): 8 http://www.ecologyandsociety.org/vol10/iss1/art8/ Fig. 6 . Cinnamomum macrocarpum, which is medicinal and also yields other valuable non-timber forest products, regenerates better in sacred groves (n = 19); the trees in the largest size classes are retained in coffee plantations (n = 18), but are absent from the forest reserve (n = 5) in Kodagu, Western Ghats of India. Note: error bars indicate 95% confidence limits.
consequence of the relatively continuous landscape, the sacred groves in Kodagu may not actually be perceived as "patches" by the organisms using them. Therefore, the diversity of trees, birds, and macrofungi was relatively similar between the forest reserve, sacred groves, and coffee plantations, despite the variation in intensity of land management. To maintain the integrity of the Kodagu landscape, active plantation of native trees in coffee estates, biodiversity-friendly coffee cultivation, and creation of a market for organically grown coffee may be essential (Bhagwat et al. in press) .
Role of Informal Protected Areas in Conservation
Although the tree cover in the cultivated landscape in Kodagu has been valuable for maintaining landscape-scale diversity, the conservation ethic of the local people of protecting forest patches has also http://www.ecologyandsociety.org/vol10/iss1/art8/ played a significant role in providing suitable habitat for many forest-dwelling organisms. Traditional societies are known to base their resource management on different rationales than most Western nature management and conservation systems (Colding and Folke 2001) . Sacred groves in the Western Ghats are believed to have existed for more than two millennia (Gadgil 1992 , Chandran 1997 , and are present in high densities in Kodagu (Kushalappa and Bhagwat 2001) . Every village in Kodagu is known to have at least one, and up to 12, sacred groves (S.A.B. and C.G.K., personal observation). In many biodiversity-rich developing countries, informal institutions are neglected, and formal protection has been the major approach to protecting biodiversity (Colding and Folke 2001) . Despite the widespread presence of sacred groves, they are not included in the regional conservation design in the Western Ghats.
Brown (2003) has suggested that the conservation management institutions in tropical regions should take into account the complexity of ecosystems in question. Although the forest reserve in Kodagu provides a continuous habitat to species with large home ranges and those with special habitat requirements, the presence of sacred groves in the cultivated landscape ensures landscape-scale heterogeneity of habitats beneficial to many other organisms. The sacred groves also contribute to the protection of ecosystems, such as lowland marshes and swamps, outside the formal protected area. Furthermore, sacred groves and coffee plantations in Kodagu shelter species of trees and macrofungi useful to the local peoples' livelihoods. These species are in low numbers in the adjacent forest reserve (e.g., Fig. 6 ), possibly because of the lack of human activity in maintaining the populations of useful species. Although anthropogenic disturbance can be important in developing diversity and resilience in ecological systems, the formal conservation institutions often seek to minimize this disturbance (Brown 2003) . In Kodagu, the forest reserve alone will not be adequate to maintain biodiversity; sacred groves are important.
There is now growing consensus among conservation planners that forest patches such as sacred groves are likely to be the key to maintaining biodiversity in the increasingly urbanized world. In recent years, the conservation community has also come to realize that the long-term survival of biodiversity depends on the effectiveness with which such forest remnants can be managed. Colding and Folke (2001) have proposed that conservation planners should devote careful consideration to already existing, local, informal institutions, and involve local people in planning. Berkes (2004) has argued that there has been a shift in ecology and applied ecology toward a systems view of the environment, a perspective that sees humans as part of the ecosystem. In Kodagu, biodiversity conservation will benefit from such an approach.
Prescribed Conservation Measures
Official recognition of sacred grove traditions
In modern-day India, although many traditions are eroding, a large number of sacred groves are still conserved through taboos and religious beliefs. Chandrakanth et al. (1990) suggest that such sacred acts should be recognized by the government. The fifth IUCN World Parks Congress in Durban (September 2003) acknowledged that local communities all over the world have conserved many sites through traditional means, but their importance has been neglected in formal conservation circles. The Congress recommended that the importance of community-conserved areas should be recognized (Kothari 2003) . Although official recognition at the national and the international level will be important for land-tenure security of sacred groves in Kodagu, participation of local people in their management will also be essential (e.g., Colding and Folke 2001).
A system of rewards for effective protection
Many sacred groves in Kodagu are still well protected. Maintaining sacred groves is considered important to the local people (e.g., Chandrakanth and Nagaraja 1997) because of the cultural and spiritual appeal that such landscapes have (Posey 1998 , McNeely 2003 . However, some sacred groves have come under threat because of encroachment by neighboring coffee plantation owners (Bonn 2000) . It has been suggested that a system of rewards may work for the effective protection of sacred groves (e.g., Chandrashekara and Sankar 1998). Sacred groves are important sources of non-timber forest products. Local people depend on them for fuelwood, green fodder, medicinal herbs, and other livelihood necessities. An organized system for harvesting, utilizing, and marketing such products may be necessary. The http://www.ecologyandsociety.org/vol10/iss1/art8/ profit generated from such enterprises can be shared equitably between the government and the local community. Such initiatives also need to be complemented by appropriate legislation that can provide the necessary land-tenure security and resource-use rights to the local communities.
Toward joint planning and management Khare et al. (2000) have found that foresters and villagers in some parts of India view joint forest management (JFM) very differently: many forestry department officials see JFM primarily as a means of ensuring the rehabilitation of degraded forests, but village communities view it as a solution to the growing shortage of biomass, a means of obtaining the daily requirements of forest products, and a way to increase income. It is necessary to bring foresters and villagers together to initiate a dialogue and to reach agreement on the objectives of JFM of sacred groves. In recent years, the government departments, non-government organizations, and local communities in Kodagu have undertaken coordinated efforts to develop and implement conservation strategies for sacred groves. The regional forest departments, in consultation with local people and organizations, will need to explore ways to manage sacred groves for maintaining biodiversity in Kodagu.
We suggest that informal community-managed areas are equally as important to conservation as formal protected areas (e.g., Margules and Pressey 2000 , Sinclair et al. 2000 , Bhagwat et al. 2001 , Brooks et al. 2001 , Wilshusen et al. 2002 . In Kodagu, the integrity of the cultivated landscape should be maintained through the initiative and involvement of the local people. We recommend that a conservation strategy that recognizes the importance of informal protection approaches is essential for successful biodiversity conservation.
